The frequency comb provided by femtosecond (fs) lasers is now widely used for optical frequency measurements 1 . The most common scheme involves the comparison of the optical frequency to be measured with the nearest mode of the comb, and needs control of the absolute frequency of the comb. The frequency f p of the p th mode of the comb depends on two radiofrequencies : where f 0 f f p f r p + = r and f 0 are respectively the repetition rate and the comb frequency offset of the fs laser, and p is an integer around 10 6 . The repetition rate is easily detected with a fast photodiode, while the self referencing technique is commonly used for the detection of f 0 , which needs a broadening of the frequency comb to more than one octave 2 . An alternative method is to use a second laser as an optical reference 3 . For the measurement of infrared frequencies, another scheme can be implemented which is based on sum-frequency generation (SFG) in a nonlinear crystal. The absolute optical frequency is converted into a frequency difference : it is compared to the difference between two modes of the comb, that is to a very high harmonic of the repetition rate. This scheme is independent on the comb offset f 0 and does not require any broadening of the comb for infrared frequencies around 30 THz. It was first demonstrated at 10 µm with a CO 2 /OsO 4 stabilized laser 4 , then with an HeNe/CH 4 stabilized laser at 3.39 µm 5, 6 and with an acetylene-stabilized laser at 1.5 µm 7 . An alternative scheme using the generation of an offset-free difference-frequency comb in a nonlinear crystal could also be used 8 .
Here we demonstrate a simplified version of a molecular optical clock operating with a CO 2 stabilized laser at 28 THz. Our previous scheme 4 combined SFG and the use of two laser diodes as intermediate oscillators.
A laser diode at 852 nm was phase locked to a fs mode. The sum of this diode and the CO 2 laser frequency was generated in a crystal of AgGaS 2 and a second laser diode, at 788 nm, was phase locked to the sum. Finally a second fs mode was phase locked to the diode at 788 nm by feeding back to the fs cavity length. As a result, the CO 2 laser controlled the separation between two modes of the comb. With this scheme 2 of the 3 phaselock loops are in fact sensitive to the offset frequency f 0 , although it was not necessary to detect or to control f 0 .
Our new scheme uses only one phase-lock loop and no laser diodes. The basic principle is to perform the sum-frequency generation (SFG) of the fs laser comb and the CO 2 laser in a nonlinear crystal. The resulting frequency comb can be expressed as .
This SFG comb overlaps the high frequency part of the initial comb, and the beat notes shorter crystal) and a better adaptation of the temporal length of the initial and SFG combs. The signal is amplified by 40 dB using a tracking oscillator working around 200 MHz (bandwidth of tracking loop is 1 MHz), and is finally used to lock the fs laser repetition rate to the CO 2 laser frequency.
To complete the frequency measurement procedure, the repetition rate is detected with a fast photodiode and counted against a local oscillator at 1 GHz. This latter is phase-locked to a reference signal transmitted via a 43-km long optical fiber from the SYRTE laboratory, located in Paris 4 . This laboratory developed a high stability oscillator, which is based on a combination of a cryogenic Sapphire oscillator (CSO), an H-Maser and a set of low noise microwave synthesizers 9 . Its frequency is steered by the H-Maser in the long-term, and monitored by the Cs atomic fountain for accuracy 10 . This signal shows a frequency stability slightly below 10 We used our usual stabilization scheme (see Fig. 1 ) which includes a Fabry-Perot cavity (FPC) containing the molecular gas and an electro optic modulator (EOM) to perform the various frequency shifts and modulations for the locking loops 15 . FPC gives a gain factor proportional to the finesse (about 100 in our set-up) on the SNR. Figure 3 We estimate that the day to day reproducibility is mainly limited by the instability of the optical background . In particular, due to the low efficiency of the EOM, the carrier residual is still stronger than the sidebands at the input of the FPC and higher order modes can enter the cavity with an efficiency with depends on the optical alignment and its stability. This could affect the baseline of the reference signal. In addition, frequency shifts could be related to diaphragm effects in the FPC 17 .
A simple set-up has been demonstrated for the absolute measurement of a molecular resonance around 30 THz. It includes a fs laser for which only the repetition rate must be controlled. The whole measurement apparatus is very robust and can be used continuously for several hours. As a first application, a 2-photon line of SF 6 has been measured with a stability of 3×10 -14 at 1 s limited by the CO 2 /SF 6 stability. Further applications include the characterization of the metrological performance of a 2-photon resonance detected in a Ramsey scheme 18 and the test of the possible temporal variation of fundamental constants using such a 2-photon molecular line 19 . 
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